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Highlights 

• Eurasian Arctic snow cover extent (SCE) anomalies were strongly negative in both May (5th 
lowest in the record since 1967) and June (3rd lowest) 2021. North American Arctic spring 2021 
SCE anomalies were also below average (14th and 16th lowest, respectively). 

• The summer 2020 snow-free period across Eurasia was the longest since at least 1998. 
• Since 2006, North American June SCE has been below the long-term average every year, while 

Eurasian June SCE has been below the long-term average for every year but one. 

Introduction 

Many components of the Arctic land surface are directly influenced by snow cover from autumn through 
spring, including the surface energy budget (Flanner et al. 2011), ground thermal regime (with 
implications on the carbon cycle; Natali et al. 2019), permafrost (Walvoord and Kurylyk 2016), and 
terrestrial and freshwater ecosystems (Bokhorst et al. 2016). Even following the snow cover season, the 
influence of spring snow melt timing persists through impacts on river discharge timing and magnitude, 
surface water, soil moisture, vegetation phenology, and fire risk (Meredith et al. 2019). The assessment 
provided here is based on multiple datasets derived from satellite observations and snowpack models 
driven by atmospheric reanalyses. Collectively, this approach provides a reliable picture of Arctic snow 
cover variability over the last five decades. 

We characterize snow conditions across the Arctic land surface using three quantities: how much total 
land area is covered by snow (snow cover extent - SCE), how much of the year snow covers the land 
surface (snow cover duration - SCD), and how much total water is stored in solid form in the snowpack. 
This last quantity is determined from the snow water equivalent (SWE), which is the product of snow 
depth and density. SWE can be aggregated across the Arctic land surface to provide an estimate of the 
total mass of water stored by snow. We examine each of these quantities in turn for the Arctic snow 
season spanning autumn 2020 through spring 2021. 

Snow cover extent and duration 

SCE anomalies (relative to the 1981-2010 climatology) in spring 2021 are shown separately for the North 
American and Eurasian terrestrial sectors of the Arctic in Fig. 1. Eurasian Arctic anomalies were strongly 
negative in May (5th lowest in the record since 1967) and June (3rd lowest). North American Arctic 
spring SCE anomalies in 2021 were also below average (14th and 16th lowest, respectively). 

https://doi.org/10.25923/16xy-9h55
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Fig. 1. Standardized monthly snow cover extent anomalies for Arctic land areas (>60° N) for (a) May, and (b) June 
from 1967 to 2021. Solid black and red lines depict 5-year running means for North America and Eurasia, 
respectively. Filled circles are used to highlight 2021 anomalies. Source: NOAA snow chart Climate Data Record 
(CDR). 

Snow cover duration (SCD) anomalies across the Arctic region for the 2020-2021 snow season are shown 
in Fig. 2 for both snow onset and snow melt periods of the year (see Methods and data). Onset 
anomalies indicate snow cover during autumn 2020 began later than normal over much of Eurasia, 
particularly in eastern Siberia, as well as over much of Alaska and the western Canadian Arctic (Fig. 2a). 
Coupled with the early spring melt in 2020 (see last year's Arctic Report Card: Mudryk et al. 2020a), the 
complete 2020 snow-free period was the longest since the start of the database in 1998 across Eurasia 
and the second longest across the entire Arctic, with implications for Arctic vegetation (see essay Tundra 
Greenness). Spring 2021 (Fig. 2b) also had early snow melt and hence shorter SCD over almost the entire 
Arctic. In particular, across broad expanses of Eurasia the duration of the spring snow-free period was 
30-50% longer than normal. As during the spring 2020 snow season, the early Eurasian melt in 2021 was 
driven by persistent, above-average temperatures during April-June (see essay Surface Air 
Temperature). While the early melt during 2021 was more extensive across Eurasia than the previous 
year, it was slightly less intense, resulting in near—but not record—low Eurasian Arctic SCE during June 
2021. 

https://doi.org/10.25923/8n78-wp73
https://doi.org/10.25923/8n78-wp73
https://doi.org/10.25923/53xd-9k68
https://doi.org/10.25923/53xd-9k68
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Fig. 2. Snow cover duration anomalies (% difference relative to normal number of snow-free days) for the 2020-21 
snow year: (a) snow onset (Aug-Jan), and (b) snow melt (Feb-Jul). Red (blue) indicates increased (decreased) snow-
free days compared to the 1999-2018 mean. The grey circle marks the latitude 60° N; land north of this defines 
Arctic land areas considered in this study. Source: NOAA IMS data record. 

Snow mass and snow water equivalent 

For Arctic regions as a whole, snow mass tends to peak seasonally during April, when snowfall has 
accumulated since the preceding autumn but before increasing temperatures during May and June lead 
to snow melt. Snow mass anomalies for April 2021 (Fig. 3) indicate above normal total snow 
accumulation in the North American Arctic and slightly below average accumulation over the Eurasian 
Arctic. Figure 4 illustrates SWE varied regionally from just before peak (March) through the end of the 
melt period (June). The above normal April snow mass in North America (Fig. 3) is already apparent in 
March SWE across much of the region (except for parts of the mainland adjacent to the Beaufort Sea). 
Over Eurasia, snow accumulation through March was near-normal: above average SWE in central and 
eastern Siberia was balanced by below average SWE in western Russia and Scandinavia. The high spring 
temperatures previously mentioned drove SWE reductions across western Eurasia in April (see April-
June temperature anomaly pattern Fig. 2c in essay Surface Air Temperature). By May, SWE was below 
normal across most of the continent. In contrast to Eurasia, SWE across North America generally 
remained above normal amounts through June particularly in the Canadian Arctic Archipelago. However, 
even where SWE was seasonally above average, complete snow melt tended to occur slightly earlier 
than usual over most of the region (apparent by comparing Fig. 2b with Figs. 4c and 4d). This 
combination of increased snow accumulation (expressed as April SWE in Fig. 4b) but early snow melt 
(expressed by shorter SCD in Fig. 2b) is consistent with the expected changes to Arctic snow cover in a 
warmer Arctic (Meredith et al. 2019), reflected also in earlier and larger peak river discharge as 
observed over Eurasia during spring 2020 (see essay River Discharge). 

https://doi.org/10.25923/53xd-9k68
https://doi.org/10.25923/zevf-ar65
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Fig. 3. Standardized April snow mass anomalies for Arctic land areas across the North American (black) and 
Eurasian (red) sectors. Anomalies represent the ensemble mean from a suite of four independent snow analyses 
(see Methods and data). Filled circles are used to highlight 2021 anomalies. Solid black and red lines depict 5-yr 
running means; shading depicts the spread among the running means of individual datasets. Source: snow 
analyses as described in Methods and data. 
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Fig. 4. Snow water equivalent (SWE) anomalies (% difference from the 1981-2010 average) in 2021 for (a) March, 
(b) April, (c) May, and (d) June. Anomalies represent the ensemble mean from a suite of four independent snow 
analyses (see Methods and data). The grey circle marks the latitude 60° N. 

Summary and long-term trends 

In summary, snow accumulation during the 2020/21 winter was near normal across the Eurasian Arctic 
and above normal across the North American Arctic. Regardless of the seasonal accumulation, spring 
snow extent has been persistently below normal for the last 15 years. Since 2006, North American June 
SCE has been below the long-term average every year, while Eurasian June SCE has been below the long-
term average for all but one year. Long-term trends for total Arctic SCE, derived from the data presented 
in Fig. 1, are -3.8 ± 1.9% decade–1, and -15.5 ± 5.8% decade–1 for May and June, respectively (1981-
2021). These trends are more negative compared to a range of other sources, as discussed in Mudryk et 
al. (2017, 2020b). The April trend in Arctic snow mass over the 1981-2021 period is more moderate, 
reflecting larger interannual variability. Calculated from the data presented in Fig. 3, the snow mass 
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trend is -2.0 ± 1.7% decade–1, representing a decrease in seasonally stored water of close to 10% over 
the entire Arctic since 1981. 

Methods and data 

Snow cover extent (SCE) anomalies are derived from the NOAA snow chart climate data record, which 
extends from 1967 to present (Estilow et al. 2015; Robinson et al. 2012). Monthly anomalies of total 
areal snow cover over land for a given Arctic sector (North America or Eurasia, > 60° N) are computed 
and standardized relative to the 1981-2010 period (each observation differenced from the mean and 
divided by the standard deviation and thus unitless). 

Snow cover duration (SCD) fields are derived from the NOAA daily Interactive Multisensor Snow and Ice 
Mapping System (IMS) snow cover product (U.S. National Ice Center 2008). Anomalies in the total 
number of days with snow cover were computed separately for each half of the snow season: August 
2020 to January 2021, referred to as "onset period," and February 2021 to July 2021, referred to as 
"melt period." IMS availability starts in 1998, so a 1999-2018 climatological period is used (including 
information from August-December 1998 for snow onset). Anomalies for each season are presented as 
percent differences from the climatological number of snow-free days. In the Arctic, this varies from 
approximately three months near 60° N, to approximately two months at 70° N, and decreases to less 
than a month over the Canadian Arctic Archipelago. Because the Arctic is generally always snow covered 
between November and April, Arctic region snow onset anomalies are indicative of conditions during 
September and October, while Arctic region snow melt anomalies are indicative of conditions during 
May and June. 

Four snow water equivalent (SWE) analyses were used to generate multi-dataset SWE fields from 
March-June for the 1981-2021 period: (1) the European Space Agency Snow CCI SWE version 1 product 
derived through a combination of satellite passive microwave brightness temperatures and climate 
station snow depth observations (Luojus et al. 2020); (2) the Modern-Era Retrospective Analysis for 
Research and Applications version 2 (MERRA-2, GMAO 2015; Gelaro et al. 2017) daily SWE fields; (3) 
SWE output from the ERA5-Land analysis (Muñoz Sabater 2019); and (4) the physical snowpack model 
Crocus (Brun et al. 2013) driven by ERA5 meteorological forcings. Reduced availability of climate station 
snow depth measurements limits the accuracy of the Snow CCI SWE product during May and June, 
hence we only use it during March and April. An approach using gridded products is required because in 
situ observations alone are too sparse to be representative of hemispheric snow conditions, especially in 
the Arctic where stations are particularly sparse. We consider multiple datasets because averaging 
multiple SWE products has been shown to be more accurate when validated with in situ observations 
(Mortimer et al. 2020). The ensemble-mean SWE field is used to calculate monthly SWE anomalies 
relative to the 1981-2010 period, and present them as percent differences. For April, the SWE fields for 
each product are also aggregated across Arctic land regions (> 60° N) for both North American and 
Eurasian sectors to produce multiple estimates of April snow mass. These monthly snow mass values are 
used to calculate standardized anomalies relative to the 1981-2010 period for each data product. The 
standardized anomalies are then averaged to produce an ensemble-mean time series. 
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